Human immunodeficiency virus )HIV( infection associated aneurysmal vasculopathy is a rare complication of HIV infection affecting the pediatric and adult population. We present a case of a 7-year-old male child known to have a congenitally acquired HIV infection presenting with a ruptured left distal internal carotid artery fusiform aneurysm that was diagnosed on MRI scans 6 months prior to his presentation. He underwent craniotomy and successful aneurysm reconstruction. He had uncomplicated postoperative course and experienced a good recovery. This case is among the few reported pediatric cases of HIVassociated cerebral arteriopathy to undergo surgery. We also reviewed the relevant literature of this rare condition.
N eurological involvement frequently complicates the course of human immunodeficiency virus )HIV( infection in both pediatrics and adults.
1 Cerebrovascular complications are rarely encountered in these setting and are attributed either, to the primary HIV infection or secondary complications of immunodeficiency. 2, 3 The incidence of cerebrovascular events in pediatric patients with HIV infection is estimated to be 3.4 cases per 10000 person-years. 4 Human immunodeficiency virus-associated arteriopathy encompasses several forms of arterial diseases occurring in the absence of any cause other than HIV infection. The HIV-associated aneurysmal arteriopathy is a rare cerebrovascular complication of acquired immune deficiency syndrome )AIDS( and has been the subject of several case reports and case series involving children, and more recently adults, with AIDS. 2, 3, [5] [6] [7] [8] [9] [10] This aneurysmal arteriopathy is characterized by multiple, diffused aneurysmal dilatations confined to the major arteries of the circle of Willis.
1, 11 The mechanism by which HIV results in CNS arterial damage is still not clearly understood. 2 Most patients with this condition present with cognitive changes and motor deficits associated with infarction or hemorrhage. 12 Our objective in presenting this particular case is to report a documented de novo left fusiform carotid bifurcation aneurysm in a child with maternally acquired-HIV infection who presented with subarachnoid hemorrhage and underwent surgical clipping of the aneurysm.
Case Report. A 7-year-old boy who was known to have congenital HIV infection presented with a sudden onset of severe headache and altered level of www.neurosciencesjournal.org
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consciousness of 2 days duration. Two years earlier, he tested positive for HIV infection when he presented with severe dyspnea and cough due to pulmonary tuberculosis. His HIV-1 RNA quantitative polymerase chain reaction )PCR( was carried out and showed 15042 copies/ml. Brain MRI and angiography )MRA( studies during that admission showed no abnormal intracranial or vascular findings (Figure 1) . The CSF analysis revealed normal cell count, glucose and protein in a normal range, and negative latex agglutination test and culture. He had a remarkable recovery and was discharged on an 18-month course of anti-tuberculosis therapy and antiretroviral therapy: zidovudine, lamivudine, and lopinavir/ritonavir combination. He presented to the emergency department 18 months after with a new onset of generalized tonic-clonic convulsion. He was not compliant to antiretroviral therapy, and the HIV-1 RNA quantitative PCR showed a higher viral load of 310798 copies/ml. Brain MRI and MRA scans showed a 10 x 8 mm fusiform aneurysm in the left distal internal carotid artery )ICA( (Figure 2) . He was managed with antiretroviral therapy and monitoring of the aneurysm with MRI after 3 months. At the current presentation, 6 months after, his general examination revealed low-grade fever )37.8 o C(, and his Glasgow coma score )GCS( was 14. There was neck stiffness, positive Kerning's and Brudzinski's signs but no papilledema or any focal neurological deficit.
Early and confirmed diagnosis. Brain CT scan revealed left Sylvian hyperdensity consistent with subarachnoid hemorrhage )SAH( with associated hydrocephalus (Figure 3A) . The MRI scan demonstrated subacute blood products in the left Sylvian fissure with intraventricular extension and hydrocephalus. No basal leptomeningeal enhancement was noted on postcontrast images. Brain MRA scans demonstrated that the previously visualized fusiform aneurysm increased in size and included the proximal segments of the He was discharged on a highly active anti-retroviral therapy )HAART( regimen of zidovudine 9 mg/kg by mouth, twice a day )PO BID(, lamivudine )3TC( 4mg/kg PO BID, and Kaletra® )lopinavir/ritonavir( 15mg/kg PO BID.
Discussion. Cerebral vasculopathy has been described as an unusual manifestation of AIDS in several case reports and case series in pediatric and adult medical literature. 13 Kure et al in 1989, 14 reported the first case of HIV-associated cerebral aneurysmal arteriopathy in a pediatric patient. Since then, at least 23 reports )44 cases( of pediatric patients with HIVassociated cerebral aneurysmal arteriopathy have been published. These are summarized in Table 1 .
The HIV-positive pediatric patients have an increased incidence of cerebral aneurysms. Aneurysms associated with HIV infection are typically fusiform in shape. 11 However, saccular aneurysms secondary to HIV infection have been reported in the literature. 13, 15 As in our case of a large fusiform aneurysm of ICA bifurcation with involvement of the proximal MCA and ACA, most of the cerebral aneurysms associated with HIV infection are located in the arteries of the circle of Willis.
1-3,13,16
The HIV-associated cerebral vasculopathy usually presents with cognitive changes and motor deficits secondary to infarction or hemorrhage. 2, 15 Most patients with cerebral aneurysms secondary to HIV in the reported cases presented with seizures, headache, localized neurological deficits, and fatal subarachnoid hemorrhage.
1 Cerebral aneurysms were reported as an incidental finding in asymptomatic patients with HIVinfection. 5, 13, 17 The classical microscopic findings of autopsy examination of patients diagnosed with HIV-associated vasculopathy include medial fibrosis with the loss of the muscularis, destruction of the internal elastic lamina, and intimal hyperplasia. 14, 18 Many mechanisms were proposed in the literature to explain how HIV infection results in CNS arterial damage.
1,2,11 The exact mechanism is still undefined. 16, 17 Whether cerebral vasculitis is directed primarily to HIV infection or secondary to associated infections such as varicella zoster virus, cytomegalovirus, or other opportunistic infections is still a matter of debate.
1,2,15 Direct HIV invasion of the endothelium of cerebral arteries is one of the mechanisms that may explain the vasculopathy. 16 The transmigration of certain HIV-infected monocytes through the blood-brain barrier during the phase of neural tissue invasion and the release of local and systemic toxins are among the proposed mechanisms. 16 With the known tropism of those monocytes to the brain tissue, this might also explain the isolated cerebral vasculopathy in the absence of systemic vascular involvement. 13, 16 Petropoulou et al, 17 reported the development of the cerebral aneurysm during a period with high circulating viral load. In the current case, we demonstrated the same observation as our patient was discovered to have the aneurysm at the time with his higher reported viral load )310798 copies/ml( and while he was not adhering to his antiretroviral medications. The high viral load is associated with the viral activity and could lead us to support the theory of a direct relation of the virus activity to the formation of these aneurysms. Husson et al 13 reported a case with a formation of cerebral arteriopathy during a period of high p24 antigen levels signifying high viral replication. Kure reported another 3 cases that presented after an average of 6 months of initiation of HAART. 18 Both reports reported the clinical manifestations while the number of CD4 lymphocytes was increasing, and the HIV viral load was decreasing. The immune reconstitution inflammatory syndrome could be implicated in the pathogenesis of HIV-associated arteriopathy. 18 The occurrence of aneurysmal vasculopathy during periods of higher viral load and profound immunosuppression has led investigators to consider the possibility of the presence of infective etiology acting in synergy with HIV. 16 Associations between infections with varicella zoster virus, cytomegalovirus, and herpes simplex virus encephalitis with the development of the aneurysmal vasculopathy were reported in the literature.
2,3,13 Our patient tested negative for active varicella zoster virus and cytomegalovirus infections through serum immunoglobulin.
The optimal management of patients with cerebral Older case reports, before the initiation of the highly active anti-retroviral therapy )HAART(, have showed fatal outcomes in most patients either due to stroke or severe intracranial hemorrhage. 2 While some reports have demonstrated ongoing progression of the disease despite the initiation of HAART, others have shown a stop of the disease progression, 11, 15, 17 and even resolution of the arteriopathy after the initiation of HAART.
1
These reports of improvement of arteriopathy after the initiation of HAART can also support the hypothesis of the direct role of HIV infection to the causation of this condition. 16 Surgical intervention is rarely reported in pediatric patients with HIV-associated cerebral aneurysmal arteriopathy. The diffuse distribution and fusiform architecture of most of the aneurysms reported have hindered neurosurgical or endovascular treatment.
In conclusion, HIV-associated vasculopathy is a rare complication of HIV affecting pediatrics and adults. Cerebral aneurysms secondary to HIVassociated arteriopathy have been reported as an incidental radiological finding while most patients reported symptoms ranging from mild headache to sudden death secondary to subarachnoid hemorrhage. The early initiation of HAART seems to decrease the incidence of aneurysms and other cerebrovascular complications of HIV infection. Secondary etiologies, most importantly VZV vasculopathy, should be considered in the differential diagnosis of stroke and other cerebrovascular abnormalities in patients with HIV-infection. Appropriate investigations with early treatment for secondary etiologies should be pursued to decrease the complications of vasculopathy. Surgical and endovascular management are appropriate options when indicated, for both adults and pediatric patients with HIV-associated aneurysmal arteriopathy.
